Comparison of the absolute level of epigenetic marks 5-methylcytosine, 5-hydroxymethylcytosine, and 5-hydroxymethyluracil between human leukocytes and sperm.
5-Methylcytosine is one of the most important epigenetic modifications and has a profound impact on embryonic development. After gamete fusion, there is a widespread and rapid active demethylation process of sperm DNA, which suggests that the paternal epigenome has an important role during embryonic development. To better understand the epigenome of sperm DNA and its possible involvement in a developing embryo, we determined epigenetic marks in human sperm DNA and in surrogate somatic tissue leukocytes; the analyzed epigenetic modifications included 5-methyl-2'-deoxycytidine, 5-hydroxymethyl-2'-deoxycytidine, and 5-hydroxymethyl-2'-deoxyuridine. For absolute determination of the modification, we used liquid chromatography with UV detection and tandem mass spectrometry techniques with isotopically labeled internal standards. Our analyses demonstrated, for the first time to date, that absolute global values of 5-methyl-2'-deoxycytidine, 5-hydroxymethyl-2'-deoxycytidine, and 5-hydroxymethyl-2'-deoxyuridine in sperm are highly statistically different from those observed for leukocyte DNA, with respective mean values of 3.815% versus 4.307%, 0.797 versus 2.945 per 10⁴ deoxynucleosides, and 5.209 versus 0.492 per 10⁶ deoxynucleosides. We hypothesize that an exceptionally high value of 5-hydroxymethyluracil in sperm (>10-fold higher than in leukocytes) may play a not yet recognized regulatory role in the paternal genome.